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INTRODUCTION AND SUMMARY 


This report is concerned with the conditions affecting the methods and 
costs of mining phosphate rock in that part of the western phosphate field 
that is in Bear Lake and Caribou Counties in southeastern Idaho (see fig. 1). 
The area was selected because it contains most of the known phosphate reserve 
and because its geology has been studied more extensively than that of other 
sections. 


Deposits of phosphate rock on public land may be leased from the Government 
under the terms of the Mineral Leasing Act of 1920, subject to the regulations 
of the Bureau of Land Management. Public interest in phosphate production is 
growing, as shown by an increasing number of applications for leases. 


Two mines are being operated steadily for the production of phosphate rock 
by companies that have also the necessary processing plants for the manufacture 
of fertilizer. Total western phosphate-rock production in 1947 is reported by 
the Economics Statistics and Division of the Federal Bureau of Mines to have 
been 1,193,000 long tons, mined in Idaho, Montana, and Wyoming. The average 
grade was 30.7 percent of contained phosphorus pentoxide (P50s) ; the average 
value at the mines was $5.67 per long ton. Idaho contributed 905,000 tons, or 
somewhat more than 75 percent of western production. Western fertilizer plants 
took 23 percent of total production; 76 percent was exported. Strip mining 
accounted for 75 percent of the Idaho tonnage; the remainder was stoped from 
underground workings. 


Rock must contain a minimum of 30 percent P50. to be commercially useful 
for the production of superphosphate fertilizer by current acid treatment 
methods. Research by corporations and Government agencies has been directed 
toward the use of lower-grade ore. So far, only by smelting can rock containing 
as little as 25 percent Po06 be used economically. Any development of processing 
or use pattern that would render the mining of, say, 20 percent rock profitable 
would have important effects in reducing the wit cost of mining. 


In the search for metallurgical improvements, consideration should be 
given to the saving of valuable components of the rock, such as vanadium and 
fluorine, both of which are present in the beds. 
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Figure lL —- Phosphate reserve areas in southeastern Idaho, 
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The reserve of phosphate rock in southeastern Idaho available to pres ent- 
day mining and processing methods is estimated to be 230,000,000 long tans. 
This estimate is based upon an assimed mining depth of 500 feet and a minimm 
grade of 50 percent Po05. The footwall oolite bed alane has been considered 
in all but the Aspen Range division; there an estimated tonnage in the hanging- 
wall oalite bed is includod. e 


Methods of mining the ore must be adapted to conditions in each deposit.. 
Several methods will be required to exploit all. of the ore. A small part of 
the reserve may be mined by stripping or open cut. ‘the greater part, however, 
must be stoped underground. © 


The cost of mining depends on many variable conditions; it will range from 
- about $2 per ton for open-pit work to $5 per ton for stoping. A demand for 

materially lower-grade rock has a tendency to reduce the unit cost of mining by 
increasing the width of deposits that can be mined. | | 
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HISTORY 


Firet recognition of phosphate rock in the west is ascribed by Mans fie1d2/ 
to Albert Richter of Salt Lake City, who, in 1889, identified phosphatic beds 
near La Plata, Cache County, Utah, R.A. Pidcock recognized phosphate rock 
independently in 1897 am Woodruff Creek in Rich County, Utah. Credit. for first 
development and pranotion of the deposits is given to C. C. Jones. Discovery 
of new deposits continued northward in the following years. During this time 
much of the more easily accessible land was staked in homesteads and mining 

claims. In 1908, the phosphate lands m@m the public domain were withdrawn fran 
- @try by order of the Secretary of the Interior. Since then, a large part of 
this reserve has been examined and classified by the Geological Survey. - 


- Many enterprises have been launches since 1900 with the object of mining 
and marketing the phosphate rock in its raw state for direct application to the 
' soil as fertilizer. In most soils, however, natural phosphate rock, even when > 
finely ground, is not sufficiently soluble to benefit plant growth notably. 


2/ Mansfield, G. RR, Geography, Geology, and Mineral Resources of Part of 
' Southeastern Idaho:. U. S. Geol. Survey Prof. Paper 152, 19e7, Pe 292. 
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The result: was’ short life: for the mining ventures. ‘The at Cokeville,. ‘Wyo. ” 
Paris Canyan, ‘Idaho, - Georgetown: Canyon, » Idaho, » and the early work at ‘Waterloo 
Hill in Montpelier: Canyon, ir were’ among’ the. aie a of the aed bi aa 
(figs. 1 and 2), Bo ac _ : | 


In 1920, the paasavas socoen ae: Co. opened ‘the’ “Aupodit at Conda in the 
Aspen Range, near Soda Springs, Idaho, This was a new type of phosphate. enter- 
prise in: the: wes torn’ field.~ The canpeny Nad, at its smoltér at Anaconda, Mant., 
sulfuric acid, a byproduct” of ‘the treatment of. Butte sulfide ore. Fram the acid 
end phosphate ‘rock, ‘the copper canpany made’ a high-grade phosphate fertilizer. 
After finding the materials and building a plent in'which to cambine them into 
a uweful product, it wes necessary for the Anaconda Co. to spend mmey for years 


-to promote - acceptarice by. the farmers. Ansconda's Treble Superphosphate | 


fertilizer -is' now a be denend. Containing, a8 it does , more than 40 percent P20s, 


‘the trenkpértation. ccet per uit of plant food is. ‘considerably loyer.than that 


of ordinary superphosphate, which carries less than 20 percent P05. 


Mining on Waterloo claim in Montpelier Canyon was carried on intemittently 


by means of pita and tunnels from 1904 to 1945. At the end of that period, the 


a 


San Frendisco Chanical Co, began an open-pit operation, using power machinery. 


In September: 1947, this activity was suspéndéd indefinitely in order to expand 
the. work at the cémpany's Ltefe deposit at Sage, Wyo., another open-pit opera- 
tim situated 60 miles to the southeast. the phos phate rock produced by. i 


'.San Fraficiscd Chemical Co. was sala to. manufacturers ‘end aaa works . 


large’ tomeee. was expences 


The Simplot Co. built a fortilizer plent at Pocatello, ‘aha: in olds and 
began mining (by open cut mothods) a deposit of phosphate rock 18 miles cast of 


* Fort Hall, Idaho. Stripping and mining were.dae by power shovels. ‘The ore was 


trucked about 30 miles to the plant. ‘The Uhion Pacific Railway has cons tructed 


@ branch from the main Line at Fort Hall to the mine; consequently, rail trans- 
portation is now available. The normal production rate of 150,000 tons of 
Simplot superphosphate annually requires 90,000 tons of rock fram the mine. In 
the last few years this bmi also. has ae a aeee tomage of raw rock 
for export. 4. 3 ; 


_ a 


The three mines mentioned: above produced” the 900,000 Loig tons of phosphate 


‘rook credited. to. Idaho in 1947, One of than is now. idle, but, en equivalent 


output ene will cane fram the now Wyoming ere a 


AlL “Of the commercial phosphate ea ‘in Idaho 4s in the Phoeghoria bed. of 
Permian age. These beds have been wrinkled into. north- to northwést-trending 
folds and.are considerably faulted (fig. 2). A cheracteristic section is show 
in figure 3... .The Phosphoria formation has. been divided into’ Qn upper part, 
called the Rex member, and a lower part, referred to usually * as the. "phosphatic 
shale" manber, . The minable. phosphate: ‘beds are in this lower’ member. In South- 
eastern Idaho, ‘the thickiess of the phosphatic shale menber ranges fram 125 to 
230 feet... Northwafd and eastward, in Montana and wyqning, this member thine. - 
generelly.to less than 100 feet, wheread southward, in’ Utah; it thickens to over 
230 feet. The phosphatic shales canprise a séries of beds of limestone, shale, 
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Figure 2.- Principal phosphate deposits of southeastern Idaho. 
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Biltstone, and oalitic phosphate rock, in sane of which’ chert has been developed 
more or less extensively. Most of the beds contain phosphate, but the most 
important are two beds of oolitic textured rock, one near the top of the member 
and the other at or near the base; they are referred to as the hanging wall and 
footwall beds, respectively. Of these, the footwall oolitic is the more uni- 
formly high-grade over the area. Besides the two principal beds of phosphate 
_ rock, each of which ranges in thickness, fram 3 to 8 feet thin, nonpersistent 
seems of oolite are interbedded with the other rocks. Oolitic texture usually, 
“but not invariably, indicates a high phosphorus content. ‘The colors of un- 
weathered phosphatic shale beds are dark brown, dark gray, and black. Weathering 
leaches out carbonaceous matter and lime, leaving the rock a lighter color and 
with a higher phosphate content. This leaching is apparent to shallow depths 
below outcrops. Tho persistent footwall bed of phosphate rock is in sane places 
overlain by a bed of hard limestone 2 to 5 feet thick, locally referred to as 
"cap rock." The presence of this “cap rock" immediately over the ore will affect 
the mining of the phosphate bed by providing a firm hanging wall. The upper or 
hanging wall phosphate bed is split in enone into two or more seams separated 
by other interbedded rocks e 


Besides phosphate the shale manber contains other aineceds, of which 
vanadium and fluorine. ‘compounds are of most immediate ctmmercial importance. A 
vanadiferous zone comprising ‘several beds whose cambined thickness ranges fran 
3 to 12 feet has been found by the Geological Survey, usually about 15 feet be- 
low the upper bed of phosphate rock. Possibly this zone may be mined for 
- vanadium in the future; the value of the phosphate contained is not high. The 
data now available indicate that the average grade of the large but undeveloped 
tonnages in the vanadiferows zqe in Idaho and Wyoming will be slightly below 1 
percent V50.. Inves ti gation of thé vanadium beds underground wes made during 
the war by the Metals Reserve Corporation in Paris Canyon, Idaho, and by the 
Bureau of Mines in the Salt River Range. Extensive reserves were indicated in 
both areas. 


In wweathered rock; vanadium is pres ent in such minute particles that its 
mineral form cannot be determined by microscopic examination. The process of 

_ weathering has resulted in places ‘in the concentration of secondary vanadium 

| minerals , enong which shave been recognized hewettite, pascoite, and sincosite. 


“Although the beds that have the highest vanadium content contain relatively 
little phosphate (about 8 percent P205), sane of the high phosphorous beds can- 
tain very small smounts of vanadium. “The Anacamda process of fertilizer manu- 
facture provides for the recovery of vanadium as a byproduct fram rock containing 
fran 0.19 to 0.25 percent ¥205 6 , 


V. E. McKelvey, geologist of the Federal Geological Survey, states that 
the fluorine-phosphate ratio in samples of Idaho. phosphate rock is shown by a 
large number of analyses to be about 0.1 to 1. - The cconmmercial importance of 
fluorine is growing; hence, any investigstia of metallurgical treatment for 
phosphate should include cone ideretlS) of the Preerere recovery of contained — 
fluorine. _ 
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PHOSPHATE RESERVES 
Estimates of Total Reserves 


To estimete the tonnage of phosphate rock in undeveloped deposits of the 
area reguires the 688 ump ta on of cohditzons: ee may or may not ERoye: ‘latex to 
“Have: ‘been dustified, . es . 

* Th 1926, "Mans 2c a2 ‘computed the’ reserve ‘in’ 32 townships of poitheaatem: 
idee, ‘These computations were based-upon certain arbitrary assumptions. Far 
exanple, the. depth Limit to which reserves were estimated for beds containing 70 
vercent tricalcium,phosphate (32.1 percent P505) rangod fran 0 to 5,000 feet, 
in direct ratio to the variatia of the thicknéss of beds: fran 1 foot to 6 fect. 
The limit of depth also varied. with’ the grade between 0 and 5,000 feet, directly 
es the variation in tricalcium: phosphate ‘content between. 30 and. 70 percent (13.8 

and 32.1 percont P205).. Only the footwall ‘bed was considered in canputing the 
reserve. These assumptions permitted the inclusion of much ore to a depth of 
93900 fect. On the basis of those assumptions, the total reserve in southeastern 
Idaho wes estimated at 4,997,885,000 long tona. ‘The greater part of this tonnage 
48. too deep to be of interest when planning operations at this. time.. : 


In an attempt to od tinsee the. total reserve ‘thet would ie available if woes 
containing no more 30 to 40 percent B.P.L. (14 to 18 percent Po0,) were 
included, Waggeman't/ multiplied Mansfield's estimate by 3. Mansfieldd/ states 
that the. multiplication.is reasonable aid cites instances in which this proportia: 
of low-grade rock is known. ‘He -considers investigation still too renee -how- 
ever, to werrant such. 4 broad essumption. . 


- Waggeman's expanded reserve for southeastern Tdeho would be ‘ay 993, 655,000 
Long tons of phosphate containing more than 14 percent P20, lying above a depth 
of 5 7000 « feet. At pre ats meee, figures are of academic. aa serie | 


Estimates of Mining Reserves 


The —e means of dcsortbing: the fiela briefly end of estimating the cae 
available for mining is to divide it into groups of deposits. Because current 
commercial interest is limited chiefly to the richest deposits, it. is assumed 
that -the minimum average gradé-minable is 30 percent P50., and that mines’ canbe 
worked . -profitably to a vértical depth of 500 feet below the surface.;. The average 
specific :gravity of high-grede phosphate rock in Idaho is 2 -90; therefore,. - 

12.3:1-is taken as the cubic-foot to long-ton ratio. All of the know deposits 
of ee in southeastern Idaho are Anoluded in the pings SeNea Te: 


Aspen Renge,. Nos. 4, 5,6, 11,:12 - F 
ake - ; Georgetown Canyan, Noe. 5p oe ae 4, 15 a 
‘44+ " Webster Range No. 16 A ta 
"7+ “Hot Springs, No. 18 ee 
Paris Canyon, No. 19 
-Mantpelier Canym, No. 17 
Pe ae , Rasmussen Ridge, No. 8 
Joe 8. <Sohmtdt Ridge, Nos. a 13 
: ' Fort Hall, Nos. 1, 2 
(The numbers ‘followtig district names refer to the numbered. ‘deposits enou on . 


figure 2.) ' 
Work cited in footnote 3e 
a Waggeman, We He: Chem. & Met. Eng. 1939, p. 66-68. 
5/ Mans field, fe Be aR PSeaY Studies of Reserves of Danestic Phosphate: A.1.M.s. 
3 
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Aspen Range 


Aspen Range. anticline irieludes thet Masi ‘einyon eae on the west and 
the Dairy syncline and Slug Creek syncliné: on“ thé éast side of the range. The. 
mountains rise 2,000 feet above Bear Valley, ‘which lies to the southwest; they 
extend from the vest Bide of the mouth: of Georgetown Canyon northwes tward about 
20 miles to the Blackfoot River. Slug.freek ‘flows northward on the east side 
of the range to join the Blackfoot. River’: Trail Creek rises in the northern 
part of the range-.and also flow: northwazd to thie Blackfoot. ‘The only roads 7 
crossing the Aspen mountains from west ta east are in the canyons of Trail Creek 
and Wood Creek. Both roads lead eastward to the valley. of Slug Creek. Soda 
Springs, the railpoint for this OE: is a Station on the Union Pacific 
Railway main line. 


The rugged renge “gives ‘rise to pen émall streams, moat of which dis- 
appear before leaving their gulches...In sane places a water supply sufficient | 
for fining operatiams. can be obtained by impounding the small streams. where 
this is not possible, water may be obtained by pumping fran wells or mine 
workings. Otherwise it will be necessary to pump water. fray permanent streams. 
In plaming an operations in this part of Idaho, it must be borne in mind that’ 
the primary interests of the inhabitants of the regim are agriculture and ; 
stock raising, and that rights to most of the water haye been taken for those | 
purposes, There is the possibility of artesian water being developed in sane” 
of the synclinal folds. On thé wost side of the Aspen Range are a-numbor of © 
large mineral springs carrying calcium carbonate, sodium chloride, and 
aaevene carbon. dioxide and hydrogen, sulfide GAS ES « sie : 


Same timber grows on the hi gher slopes » but most of the range is aovened 
with aspen groves and brush. “Mining timber must be brought in from outside 
the aréa. 


+ ho 


The average thickness of the phosphate rock in this district is 6 feet. 
The rock contains more than 350 percent P2056 The formation has been exposed in 
the workings of the Conda mine, where the phosphatic shale member is 230 feet 
thick. Both hanging wall and. footwall oolitic beds are present here. The 
vanadium cmtent of the phosphate rock in the oolitic beds ranges fran 0.14 to 
0.25 percent Vo055 this is higher than average for phosphate beds in the field. 


At Conda, the dip of. the beds ranges fran 45° to 90° ; alsewhere in the 
Aspen area’ flatter dips will be found. It is estimated that the canbined length 
of outcrop in this division is 23 miles, and that the average dip is between 
20° and 25°, A 6foot bod would contain, to'a vertical depth of 500 feet, 


40,000,000 long tons. Furthor assuming that the hanging wall oolite bed is 
minable grade along 25 percent of the ‘formation, ae me —— is added for | 
it, bringing the estimate to 20; 000, 000 tons. 

Georgetown Canyon 


In this division of the field are included only the deposits that are 
recognized parts of the great Georgetown syncline.. The fold has been traced 
fran Georgetown Canyon northeastward, ourving to the west until the strike is 


Google 


northwest. Near Blackfoot River reservoir, it is covered by extensive lava 
flows. The distance from the nose in Georgetown Canyon to the lava-cover“is~ 
more than 30 miles, though the width of the fold is not more than 2 miles. 

The structure is not: a simple trough. bit has" been: complicated, py.’ Polding both 
across end along the axis,:and by transverse and longi'tudtral ‘idimial. and re- 
verse faults and possibly by ono ‘or. more: the grett overthrusts' that’ have oe 
affeoted this part, of Idaho<s: Tre ‘nose- of - -the- ‘syncline has 8 re-entrant scallop 
due to a minor longitudinal -anticline.: ‘The entire’ Phosphoria’ ‘fombtion. is 
missing in places along the course:of the: fold; - Mountatnous’ topography” pre- 
vents easy accesaq to.tho greater"part of the division,’ A road’ ‘Leads | fra, 
-Georgetown, am U. 3S. Highway 30 N,:up Georgetown -Cariyon; turning ‘eastward over. 
the divide to Wells Canyon, where it joins the Star Valley’ road.’ A branch road 
continues northward into Dianiond Creek Valley;- the principal drainage basin of 
the divisim, and down Diamond Creek Valley to Blackfoot River. This branch is 
& poor mountain mee the reil Ro is Georgetown on, ‘he Union Pacific Rail- 
WAY fe | | 


q 


"pO? 


hd 


es igs more fir. aad eee canbax seuaiue in this division than there, is 
in most of ‘he othera, » though money. _ cope = the oe widely’ distributed — 


sais e 


"me pibenhate: bed was. dees Goen: to sone extent by clain holders in Gearge- 
town Canyon, but the greater part. of. the outcrop has not ‘been investizated 
below.the surface, :A large part of the area is still wisurveyed by the Burean 
of Land.Managoment. An estimato that 44 miles of ‘outerop: exist on the Goorge- . 
town syncline is reasonable. The observed dips are not as steep ‘ag -thoso”in the 
Aspen Rango. These low dips may -be expéctéd to flatten with. increasing-depth; 
hence, an average dip of 40° is assumed. A total reserve df 87,000,000 1meg 
tons is. ca time ted on the: das ie - of. these date. : Oe ae? 


. bed : ~~ " 
a 


Webs ter ° 


.The phosphate beds in this division are those of fhe Webster synéline, a 
fold:that pareliels the Georgetown syncline m the east. ‘The limbs of the - 
Webeter syncline diverge northward, giving the fold greater: width in ‘that... ~ 
direction. .The Bannock thrust fault. traverses. Crow Creek Canycri;: a branch -of - 
it has been traced up Sage Valley. The bottan of the syncline may be eut off-- 
by this fault, but the phosphate beds would be unaffected by it, at -a depth of - 
500 feet balow the surface. The surface of this area is very rugged; the 
Preuss, Range and Snowdrift Mountain are in the southern part; tha Webster Range 
and Freeman Ridge are. in the northern part. Crow Creek flows northeasterly 
fran the south end of the. syncline, The Mcntpelier—Star Valley road is in the . 
Crow Creek Canyon. A secondary road branches northward through Sage Valley. . 
Fran Sage Valley, a poor road leads up Smoky Creek and crosses the outcrop of 
the east limb of the syncline. ‘The Geargetowi Canyon road crosses ‘the syncline | 
at its narrowest pert and descends Wells Canyon to join the Star Valley road on 
Crow Creek. Except here, the western ‘limb of: the Webster es is aatticult 
of access. ARE Pa 

The mountain, slopes in, this division are mostly bare of timber, though 
some trees grow on‘ the ‘east side of ‘the “Webs tex range. Several. yanches and | 
range caims sre in. Crow Creék Canyon. | The rail point for the area, is Montpelier; 
about 30 miles by road from’ thé upper end of Sage Valley. 
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Little developing has been done in this division.. Some shallow trenches 
however, have indivated: thé pies dice Sf solite “beds with high phogphate content. mie 
Mansfield. 1s. of. the opinion that ths phosphite beds may be presumed to be - 
present in the Webster syndline“and ‘that ‘their thickness and volume are com 
parable with those of neighboring areas. ‘the ‘length of outcrop is estimated = 
at 32 miles, A. foot’ bed dipping stan average slope of 40° would indicate 
52,600,000 tage, * OA oe ee kes ae @ a eee * © 


Hot Springs 

Thig division includes trl} ‘one deposit; cropping on the Bear Lake plateau 
near the north end of Bear Lake, it strikes northward and dips steeply to the 
west. The position of the phosphate bed may be determined easily by tracing. —.. 
the relatively prominent: outcrop of the Rex chert along the low, bare hills, 
Some prospecting has. been done. Miiiing aévelopmerit was begun at one place, but 
no phosphate rock was ever produced. ‘The proximity of Bear Lake would solve 
the problem of water supply for operations but might prevent deep mining by 
maintaining the ground-water level. 


LL tel 


A poor road leads from Hot Springs north, near the outcrop, to Dingle (8 
miles south of Mmtpelier), a village on the west side of Bear River. | 


Assuming that the formatio.has an sverage dip of 60° and an average width 
of 5 feet, the estimated tonnage available to a depth of 400 feet below the 4.5 
miles of outcrop would be 4,400,000 toms... 

It is probable that in mining the Bear Laké deposit, a drainage tunnel 
driven as near lake-water level as possible would prove the most econanical 
means of access to the ore. Such a tunnel would be several thousand feet long, 
whereas the outcrop is casily accessible. Pumping costs, however, would be 
eliminated by tunneling if devclopmont wore kept well in advance of stoping. 


Paris a 

Te Paris-Bloamington area'on the west side of Bear Lake Valley is undex- 
lain by the Paris syncline, an overturned fold whose steeper west limb is 
covered in places by the Bannock overthrust. The east limb has a flatter dip; 
consequently it crops out on lower lerid to the eastward, where it has been 
covered by wash fran the Bear Idke Mountains and by the lake deposits in .the 
valley. Although outcrops are‘’sqnewhat scant, both limbs of the syncline have 
been opened in Paris Canyon; both limbs, therefore, have been included in the 
es timate. 7 —  s 


Sufficient prospecting has been done to show the presence of the oolitic 
phosphate beds in Bloomington Canyon, south of Paris Canyon, and in Slight . 
Canyon to the north. Indications of the outcrop of the western limb have been 
traced 5 miles north from Bloomington Creek; the deposit may extend much ferther. 
This west side of the fola is more faulted and crushed than the east limb; 
therefore, it may be more difficult to mine. Furthermore, the percentage of 


recovery from the west limb may be less. ' 


“_ 
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An unsuccessful mining venture produced sane phosphate rock fran the west 
limb in 1920. This phoaphate contained vanadiun.: Knowledge: Of. the presence 
of vanadium later in?luenced: the seleption of ‘this: oe for en ‘effort by 


an emergency supply of venadiun | oree-. ‘The hi ghee! vanadium. content had ‘been 
shown elsewhere to be in a series of beds near the ‘top of the phosphatic shale 
member, Investigation was. therefore directed at: this vanadiferous 2amé in the. 
east limb of the syncline. Inough exploration and development was -canpleted =’ 
to indicate the presence of a large tonnage of rock containing about 0.9 percent 
Vo05 and to permit the inference of a much larger tonnage containing about 0,6. 


percent ¥05 

“If it is edsumed. ‘tet - ae average ‘aap of the’ weet side is + 50° and that, of | 
the east Bide: is. 30°, ‘17,600, OOO. tons may be estimated in a 5-foot bed’ 5 miles’ 
long. This » estimate -L0e8 not dnclude the hi gh vanadium, low phosphat¢sbearing 
beds mentioned QabOovese o-- . 


Montpeli ex : Canyon ‘ 


The Mantpelier-Star Valley road is in Montpelier chealeeay branches lead | 
fran it to Thomas Fork and to-other valleys: to- the ‘east. Mantpelier Creek 
furnishes ‘the water ‘supply for the town of Montpelier. 


The phosphate beds on Waterloo Hilr in’ Montpelier Canyon ‘dre the réainanta 
of a badly folded, wost Limb of an anticline.: Before mining was started, erosim 
had removed much of the overburden and, in places,.all of tte phosphate.” Ths 
hard overlying "cap rock" limestone protected much of the phosphate fran removal 
by weathering, .leaving.the footwall gortte bed: dipping with the: eT CRS, Of * “the <3 
west side. Of Waterloo Bills se 


Fran 1904" ‘to “1945, “phosphate wos mined. intermittently. “ont Waterton - Hii | 
an estimated 20,000 tons was produced. during. that time. Beginning in ‘Jure: 1945, 
the San Francisco Chemical Co. shipped 675,000 tons of rock containing 32 per, 
cent P,0, before suspending operations in September 1947. Probably an equal. 
amount of rock re on. Mater’ce Hil rere the creek level. 


° . : * 
jeer. 


Nortiward ‘fran the Waterloo Hill. voncinas: , the outerop of ‘the beds 1 may be 
traced across the creek, up the north: side of. the canym,.and over the first * ~ 
ridge, where it is. lost. in a faulted area. This northern part of: the “deposit” : 
has many prospecting pits along the outcrop.:: Before 1925, a small’ production — 
of phosphate ceme. fran.a lessee's operation. on. this. section of ‘the beds.: There . 
should be available, under.1-1/4 miles. of outerop:of a bed.6 feat: thick)! dipping 
ho°, 2,406,060 tans of phosphate rock. 


Rasmussen RiGee oe 


Rasmuss en.- Ridge was formed by the Snowdrift encores that secue ioteae ‘the 
northern:.end of..Georgetown syncline, to-thé southwest, from Lane's ‘Butte ‘SyB- a 
cline, to the northeast. The. phosphate deposit consideréd in this. division is” — 
in the west limb of Lane's Butte syncline. - The east: Limb - “of — — cen" aot Ee 


been included because there is no outcrop. 
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The outcrop of the west limb is exposed throughout a distance of 7 miles 
along the northeast flank of Rasmussen Ridge, fram the junction of Diamond 
Creek with the Blackfoot River to the valley of the Little Blackfoot River. The 
area is rugged and remote. A limited amount of investigation of the Phosphoria 
formation indicates that the footwall is at least 6 feet thick; it cmtains more 
than 32 percent Po05 The tonnage estimate for this division. is 11,700,000. 


Schmidt Ridge 


The Schmidt eyncline is under Schmidt Ridga, between Slug Creek and Dry 
Creek, south of the Blackfoot River.. The: Phos phoria beds have been much dis- 
located by both longitudinal and . Grogs - fEooagiest For pevers) Miles the outcrop 
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assaying as much as 30 percent PA0 has: peer! on there, thus ery consequently, 


no tonnage is estimated for this division. 
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Fort Hall 


This area is separated fran the mest northwes terly of: the toregatug divi- 
sicns by a distance of 40 miles but properly is included. with them in a summary 
of phosphate beds in southeast Idaho. Topography of low relief affords easy 
access to the area by road from Fort Hall, a station on the Union Pacific Rail- . 
road. The phosphate land is on the Fort Hall Indian reservatim. With the | 
consent of the Indians, a lease was. i to the eee Fertilizer Co. in 
1944. - 


The beds of the Fort Hall debed tte fave been folded and faulted into a 
complex structure. Transverse normal end reverse faults have hacked the northern 
part of the deposit into a number of blocks, leaving short, segnents of the 
phosphate beds in various disjointed attitudes. Tne southern part of the 
deposit parallels a reverse aoa which cuts off its downward extensian at a : 
shallow depth. . : 4 


The Fort Hall aine is the ony cue in Idaho where. Racine oak ree 
less than 30 percent Po0s is being mined.. Overlying the 6-foot bed of high-grade | 
rock is a stratum of shale ranging fram 8 to 15 feet in thickness, which con- 
tains about 25 percent P5056 This is being selectively mined for ehipment to 


a smelter designed to produce elenental phosphorvs . 


In estimating the tonnage in the 6-foct bed of oolite idiweesdic rock, it 
is assumed that the average dip of the formation is 30°. and that the length of 
outcrop is 4 miles. An assumption that the deposit can be mined to a depth of 
200 feet is conservative. Under these conditions, a reserve of 4,100,000 long 


tons is inferred. 
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Summary | 
| The estimates ‘des oribed in the foregoirig sections ‘are summarized below: 


oo ~*~ 
wf eo 8 


‘ Long tons |. 

3 “e 7 ABPEN. RON GRecccocvccccccccceverevccese , 50, 000, 000° 
Georgetown CanyOnecccesccvcccccccoce 87,000, 000 
Webster RENGC occccccvcccnccvcesesccee 52,800,000 

Hot SPYING evccccccccccccccvecscsccses 4,400,000 

- Paris. CONYONs sesecenecencseveavevecs 17,600,000 
~~ Mantpeliersseccccccncaicrcescesesess 2, 400, 000 

| RABMUBE Necvccccepocepccsececcccoces 11,700, 000 


. Fort. Hallecqcossegvecccccocccccsccos 4 100,000 7 
| | | 250,000, 000 , 


These estimates include only those deposits whose Sutaroow give: evidence 
or continuity throughout considerable distances. They were based upon pre- 
viously published information and maps; they did not have the benefit of the 
results of Geological Survey work now in progress, which will certainly modify 
the data formerly available. Other outcrops in southeastern Idaho have beam 
reported. .Field work now being conducted by the Geological Survey will inves- 
tigate these reports and also will investigate other areas believed to oS 
poe cease Addttional large ones may be arichaae 


MINING OETHODS 


Prospecting Baa Locating 


A mutepseties operator: entering the western phosphate field is not obliged 
to search for a deposit to investigate. More-than 40 years' work by the Federal 
Geological Survey hag resulted, in.the mapping of..the phosphete formation; much 
study has been devoted to ite geological: structure. The problen.is ‘to choose 
emong known ore bodies the one most suitable for the purpose, If. the locatia | 
chosen is a public land, a lease may be applied for. Informatim as to leasing 
may be obtained fran the Bureau of Land Management, Interior Bldg., Washingtam 
25, De. C.,..0r the regimal administrators: at 3265 Stapleton Bldg., Billings, 
Mont., Federal . Building, Salt Lake City,, Utah, or Swan Island Station, Portland, 
Orege. Netailed investigation of any deposit has not been made hid any scan 
agency; this will have to be undertaken by the lesses.. 


‘Strip Mining 


The cheapest method is strip mining, but ie necessary conbinaidon. of 
cirowstances for its . anployment is not often met in southeastoyn Idaho. ‘The. 
chief requireanents are that the bed ‘have & low dip that approximates the slope 
of the surface over a large area and that it lie at a shallow depth. Such. 
@ condition is shown on the east side in figure 4. Fort Hall mine and 
Waterloo mine in Idaho and Leefe mine in western Wyaming have been worked as 
stripping operations, 
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In many strip mines the overburden is removed. from a section of ore; then 
the ore is mined, after which the overburden stripped fran the next section of 
ore is piled on the footwall, fran which the ore of the previous section has 
been mined. In this way, haulage is reduced on the amount of overburden that 
can be so backfilled. 


At the Fort Hall mine, the 6-foot: bed of high-grade phosphate rock is 
Overlain by shale beds containing 25 percent P50<. The Simplot Co. found a> 
market for this rock. The procedure, therefore, is to strip the waste over- 
burden from the 25-percent shale, then mine and store the shale on low-grade 
ore SUmnDE 2 =eevane the high-grade Bere ie) for cess 


Open= Cut Mining 


The open-cut method is -here dintinguished fron strip mining by its applica~ 
tion to steeply dipping beds or to those deposits whose waste-to-ore ratio is. 
high, or to the mining of wide ore zmes. Production fran wide ore zones in 
the Idaho phosphate field is dependent on the profitable utilization of low- | 
grade rock. If me or more 50-foot zones of 20 percent phosphate were to be 
mined, a cénmsiderable volume of ore could be dug economically with power shovels 
in. an open-cut operatim: along.the outcrop of the formation. If the entire 
width of-the phosphatic shales could be mined, as illustrated in figure 5, a 
very large volume of minus 20 7ee rock would be erent ~~ ee nining 
at vere ae al unit. (Cos ts. 


indorsed Mining 


me puiephats: beds in most of the. imown Idaho cabercus re wees es 
Places, the folds have been overturned, bringing into the hanging well beds 
that normally are in the footwall, and vice versa. Eastward in Wyaning and 
northward in Montana, beds. of the Phosphoria formation assume gentler slopes, 
but both thickness and phosphate content decrease. when low-grade rock. is 
needed, it is probable: that sane of the Wyaqning and Montana deposits can be . 
mined by stripping or by open-cut methods. | 


In Idaho, all but a few deposits must be mined by sane underground systen; 
Because of’ the'iow unit value of the oa the simi: ayaa us 94: must per- 
mit productian a a ae a cost. | 


Shrinkage Stioptni ; 


In same places acere the. “eK 1ie at a steap angle, the salle” may be strong 
enough to pemit shrinkage stoping...At Cokeville, Wyo., where the deposit was. 
mined in this manner, the walls in same stopes are still standing, although the 
mine has been idle for years.. This-is the cheapest method of underground mining 
for deposits of moderato width. Unfortunately conditions suitable for shrinkage 
stoping will not: be encountered frequently in the phosphate beds; in most places 
the walls will be too weak. Furthemore, it is. possible that the broken ore 
would be difficult to draw fram the bottan of the stope, where it would be 
under increasing pressure as breaking progressed upward. Experience on. this — 
point is conflicting. Tho United States Phosphate Co., operating.a mine at 
York Canyon in the Sublotte Ridge, Wyo., in 1915 , had trouble with the rock 
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sticking in chutes. An unpublished report states "The rock packs badly." The 
-.- ine was: canhbaratively dry. “At Conda mine, Idaho, however, all the ore broken 
- is passed through raises down’ to-the mein haulage level,: where it is draw 
through chutes to aa ee ‘This . ‘indicates that the rock at Conda does not 
pack badly. . - eae. 7 “a Pee ah, eu 


eS et =toping 


Moet of the soumeascem: ane phosphates deneeie: that ‘are. to, be mined by 
‘Widergrowid methods will require that the walls. be supported to within 4 short 
distance. of the face and. that the ‘stopes be filled shortly after removal of 
the phosphcte rock.-- Both of ‘these’ requirements are met by standard square-. 
set stoping. The relatively high cost of squsre-set stoping may render it 
unusable in these deposits, howover,: A stoping method that is, essentially, 4 
modified form of square-set stoping has been developed at the Conda mine. fMThis 

‘ thethod uses about the seme amowt of timber es would a square-set method, but 
it ‘eliminates or greatly reduces . the ccs t sil oes pares it is described in 
‘the sottowns Bose ats z | 


é 


e be 


7 mp Slicing 


= + Roqa-and-Pillar Methods: in Fiat or. Gent. Pite 


‘- The dels beds now betas anea at ganda, are ahaa: 7 ‘feet- wide; an 
at 459° to 90°,. If the walls had been strong,mich.of the deposit. would have 
‘peer suttable for shrinkage stoping. Instead, the walla ave soft and ‘weak; 
consequently, a top-slicing method is used. Starting near the outcrop, the 
bed is mined down the dip in successive horizontal slices, each 6 to 10 feet 
deep. The slices are timberei ‘closely. Because the walls are weak enough to 
cave easily, it is pcssiblo to maintain a timber mat and caved fill in close 
contact with ‘the’ back. of the unbroken ore. Top slicing pemnits clean,and can 
plete mining - “OF the rock but requires much ae it. is not 4 eON=Ooat — 

wan Spliced: to narrow ore posters ae : 

Conda is the sole enderesound awe: sense. iioanhate: rock in: the 
idaho fiald.: More than 25 years of experience.at Conda proves that week-walled 
phosphate beds can be mined by top-~elicing, notwithstanding its high: ccet. 


— Cubwend-Fill” Stoping pear oar 


Cut-and-fill weopine soda: be used “ sane of the een ia dios beds 
but probably would be too expensive for phosphate mining. In many, if not 
‘most, of the potential phosphate-producing districts it is doubtful if the. 
_stopes could be kept open without timber support until waste fill ‘could v6 
introduced. In most districts-the wall rocks adjacent. to the. phosphate beds 
are strata of shale and siltstone with intercalated limestme. Such well rode 
probably wid make it eae that timber eon be. ear close to . thy. face. 


Beds 7 


‘In those ‘Ugoalities where a4 bed of Limestone tees rook" immediately over- 
lies the phosphate bed, as at‘Waterloo mine in Mmtpelier Canym, the we of 
“@ roan-and-pillar method will be possible in.the more flat-dipping sectians of 

the deposit. ‘The determination of room widths: and - Prqcedure in ime! pillars 
mist await the opening of stopes. .... 7 
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“Wall Methoas ‘pat ex Gani Pit hing 


The underground mining of phosphate beds.4 to 8 feet thick, dipping at 
low angles,’ presets’ the séme problems as’ coal. mining, without the.coal mines! 
special hazards of firé and explosion. iN “Longwall. system of mining,. as devel- 
oped for coal, would be advantageous. ‘Langwall retroating : reguires a greater 
initial investment for development than. iongwall advancing, but its ue. 
eliminates the maintenance of havlageways - through . caved areas and. permits much 
better ventilatim of the faces’. ‘The ‘successful use of the. method depends 
largely m the nature of the hanging well and its method of caving; it must not 
break down too close to the face. Extensive faulting would be troublesome; 
possibly it would render the method unusable. Whether or not longwell methods 
will be applicable to the Idaho ‘phosphate beds cannot. be, stated until more is 
kmown about the ceeds that will be found. 


Caving Methods’ a 


Caving methods are not applicable to the mnie: of narrow. bodies. Their 
application to: the phosphate beds depends, therefore, upa. the future devel- 
. Opment of UB es for the lower-grade phoeubete rock that. occurs in wider beds. 


Detailed sewing of the entire width of the phosphatic shale manbder by 
the Geological Survey has’ indicated a band 50 feet thick near the base, 
including the footwall oolite bed, that would average 20 percent P20s, and 
possibly another of equal thickness and grade, including the hanging-wall oolite, 
near the top of the member. The mining of thesé widths must ‘await. improvements 
in metallurgy or development of on econami Bees for the enefi atc of 
low-grade ‘LOCK: as ; eat 


. Generel Macwiia: of Mining Methods 


Figure h shows @ generalized section; through an <eraroumed entdclinal fold 
end a syncline. Assume that only the narrow high-grade beds are to be mined. 
The upper colite bed in Idaho is not as regular in thickness or in phosphate 
-content as the lower bed. Discussion, therefore, will be confined, chiefly, 
to the lower bed; Where tho upper bed is. of canmercial value, it will be: 
mined in ‘advance of the lower bed by. the same methods, except that a thick bed 
-of chert overlying * the UPP er bed reduces the desirability of mining the out- 


crop by stripping. 


In figure 4, it is shown that erosion of much overlying material fran the 
lower oolite near the outcrop A, of the cast limb of the syncline, makes strip 
mining the best method to use as far down. the dip as sane ae B,. where’ ‘the 
necessary volume of stripping becanes too ‘great. Ss Se wt | 


From point B to sqme limit botween points C and D, a longwall or roan 
end-pillar syatem will be suitabie. « Bither of these methods should begin 
eat B and retreat to the trough of tho syncline or to the limit of mining. If 
roqn-and-pillar stoping .is used, pillar robbing should follow‘roam mining down 
the slope, allowing the hanging. wall to subside after the recovery of the 
maximum tonnage consistent with safety. The dip of the formation is too low 
for broken rock to move on it by gravity. alone. Transportation to main haulage 
may be effected by conveyor belt, gravity plane, ‘rope tran, or shaking chutes. 
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The main haulageway should be in the Wells limestone or quartzite under the 
Phosphcria formation. If the syncline is noe too deep, the cae se could 
be in the trough of the syncline. 
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On the west limb of the eiicling” ; "the ‘beds pre ee into the east 
limb of the overturned anticline; near the-surface they ‘abeume & reverse dip. . 
Strong, unbroken walls in this: part ofthe deposit: would’render shrinkage - 
stoping possible, bat éuch* a condition.is-unlikely over a “large area where. 
folding has :been' 80’ intensé.. {he method chésen probably would be top, slicing 
or square setting: between, the outcrop F and some: point between C and D, cial 
which. the body would Dé ‘ined by one: of. the other: stoping aystemg, +. - 


Tn: somb places it’ might, ‘pe of given tes to. mie: the steep ‘outerop F by 
open cut-down to same point. By. as; for example , where faulting or Tose has 
brought uo or 3 more ic OF > “the, ore: bed close - ‘together. | 


..It has been staeead in the ‘Goatien: on “Phosphate Reserves" that the south- 
dastern Idaho deposits comprise a reserve of 230,000,000 tons of inferred ore . 
containing 30 percent P50, within reasonable mining depth, Insufficiént knowl- 
edge of ‘the attitudes of othe beds below their outcrops precludes an.accurate 
estimate of the tonnage amenable to each of .the several: methods of mining. It 
is probable, ‘however , that Pew deposita will be found: suitable for strip mining 
on these few ‘deposits the’ method generally. can-bé applied to less than 25 per- 
cent of the total neers in ‘the 6-foot bed pbove the assumed mining aoe of 
500 feet. iy 8 _ on a — 


ere sae k FS r 
be oe : 


AVlowing’ ‘that 30, 000; 000. tons. jot ohne: be. mined: by: strtbping, thers. would 
be 200,000,000: tons to be “mined. by top-elicing, square setting, or. combina tions ; 
of. the two. in steep beds and by room .and pillar, Idngwall,; or their modifi - 

cations where ‘beds are flatter ,, The. proportion.of the reserve to be’ worked. . 
by each of the two classes of stoping can be determined only after ‘development. 


Inspection of the section in figure 3 shows most. of: the Phospheria forma: 
' tion to be in wide folds with gently inclined beds, The flattened bottoms of 
the synclines are below the, mining limit, Pour outcrops are shown’ on the 
section {the-west limb’ of’ the Paris syncline is not everywhere covered). Of. 
these,’ two are steep and’ ‘two! have moderate dips,:. The beds with moderate dips 
contain more ore than the beds with steep dips,.:Assuming: the section to be - 
typical of the field, more than.100,000,000 tons:will be amenable’ to” 2ow-dtp 
re and Less than’ 100 000, 000.. tons. ta hee a gi ot 
ae "costs re 
The following very rovgh estimates of the probable costs of mining igh 
grade phosphate rock 6 feet thick have taken into Besennt “the ‘Present, eo 
high — ee and cost of materials. GP ud. 36, a 6 


coe, tel 
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Strip Mining 


Strip mining with ‘power: -maaiinery’ 4a. ‘the hose: see aioe ts ‘means of mining 
shallow, gently dipping phosphate beds near the outcrop. ~ The’ ‘application of 
the method requires thatthe dip of the formation be’at a:low angle and thet th 
surface have: approximate ty" the dame slope,... It is assumed. that ‘the-limit of — 
depth of the ‘pit will be “LO0 feet, below the surface. Under ‘these vonidi tions, ; 
the direct. iad cost Ber" ton should be apaporinately one pt Be oes 


é 
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pokes ted it Min nine 


If the two wide arias of rdck: ererrres 20 Naeecent P50 5) epeviciaty.: re- 
ferred to, should became useful, then the vanadium ore of thé vanadiferous zone, 
which is included in the upper band, would be available at a low mining cost. +. 
Possibly, the entire width of the phosphatic shale member could be mined selec- 
tively by an open-cut operations Figure 5 illustrates the procedure in minirig 
wide, steeply-dipping-beds by this: method. - Probably the direct mining cost of 
a well-equipped and: well-managed ‘open~eut eperetion coud ne reduced. to less 
than $1 per ton. ‘*°-- - ode aad 


Underground Mining 


The discussion of mining methods presented earlier in this report indicated 
that square-set stoping or the top slicing method that was developed at the Conda 
mine are the only methods that definitely may be cmsidered to be generally 
applicable to the steeply dipping parts of the high-grade phosphate deposits of 
southeastern Idaho. Room-and-pillar or longwall methods were indicated to be 
the methods most likely to be applicable to the flat-lying parts of the deposit. 
In the soft ground that usually will be found, any of these methods will require 
the use of large amouts of timber. Unless cheaper methods can be developed, it 
must be assumed that the direct cost of underground mining in the steeply 
inclined beds will approximate $4 per ton of rock. Stoping in areas of low dip 
will be more costly, probably near $5 per ton. 


If the wide deposits of lower-grade rock were to be mined by underground 
methods, much lower costs could be obtained. Caving methods probably could be 
applied. It is not likely, however, that any attempt will be made to mine the 
low-grade ores by underground methods until most of the ore that can be mined 
by open-pit methods has been exhausted. A discussion of underground mining 
methods applicable to the low-grade ores would be premature at this time. 


SUMMARY OF MINING METHODS AND COSTS 


The foregoing preliminary estimates of the probable methods and direct 
costs of mining phosphate rock in southeastern Idaho are summarized as follows: 


Approximate |Approximate j|Mining method of! Approximate 


thickness content most general cost/ton 
Attitude of deposit — | «Feet —-|P205, percent; application j,Rock P50 
Low dip (near surface).. 6 Strip mining $2 $7 
Low dip (deep) ..cccscces 6 Roam-and-pillar | 5 16 
Low dip (near surface).. 50L/ Strip mining 1 5 
Steep dip (near surface 
OY AEEP) ceccaccoccecse 6 Square set or 

) ~ ce 
Steep dip (near surface) 50 to 1 to to 

| __ 2001/ 0.50 8 
17 Will be applicable only when low-grade rock becomes of general cammercial 

value. 

32h] -17- 
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The advantage of strip mining is shown in the wide difference in ccet per 
ton of stripping and underground stoping, In stoping, the lowest cost may be 
expected where the beds are aes woe BO that. ane a rock sack be moved 


by gravity. —- | ar oo 


More detailed dea intian: of the various wining. methods. are ‘given in. the: 
"Mining Engineers Handbook," published by John Wiley and Sans, or in Bureau of 
Mines. Bulletin 390, "Stoping Methods. and Costs." The latter publicatim is out 
of aie but should he bo lceraaaas at the libraries of oe oe cities e 
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